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he fluoride release of restorative materials in deionized water has been the subject of many studies, but the behavior of
these materials under conditions of acid challenge that simulates the oral cavity, needs to be further explored. Therefore, the
aim of this study was to evaluate the fluoride release of restorative materials in two storage protocols: deionized water and pH-
cycling system (demineralizing solution-pH 4.3 and remineralizing solution-pH 7.0) for 15 days. Eight disks of each material
(Vitremer™-positive control, Dyract AP, Ariston pHc, Definite®, Tetric®Ceram and Z100-negative control) were prepared (11.0
mm x 1.5 mm) and suspended individually in 4.0 mL of each solution, which were daily changed. Daily fluoride release was
analyzed with an ion specific electrode (Orion 9609) by the direct method or after HMDS-facilitated diffusion, following 1, 7 and
15 days. The values obtained were converted into µgF/mm2 and the data analyzed by ANOVA and Tukey’s test (p< 0.05). The
results showed that all materials released more fluoride in the pH-cycling system, except for Ariston pHc which maintained a
constant release during the experiment. The highest fluoride release was presented by the positive control, Vitremer™ in pH-
cycling and by Ariston pHc, in deionized water. The negative control Z100 and the resins Definite® and Tetric®Ceram did not
present statistically significant differences.
Uniterms: Fluoride release; pH-cycling; Glass ionomer cements; Composite resins.
INTRODUCTION
The widespread use of fluoride has contributed to
improve the remineralization of the enamel and dentin
exposed to acid challenge in the oral environment20.
Fluoride has been added to community water supply,
gels and solutions for topical applications, toothpastes,
mouthwash solutions and pit-and-fissures sealants, which
have been established as preventive caries methods for a
long time2.
In the last two decades, the addition of fluoride to
restorative materials has attracted the attention of dental
researchers and clinicians as for the possibility of using
these materials as a source of low fluoride release to the
teeth, within long periods. These so-called “intelligent”
dental materials have been elaborated with the purpose of
reducing secondary caries and neutralizing the pH decrease,
especially in high-caries risk patients. Their mechanical and
esthetic properties have been improved and most of them
can now be used to restore posterior teeth. As most works
in the literature report results of fluoride release from dental
materials based upon measurements in deionized water and
artificial saliva8, fluoride release from different restorative
materials, using a medium that could better simulate the
caries process, using a pH-cycling system14 with
demineralizing and remineralizing solutions, over 15 days,
was determined.
MATERIAL AND METHODS
Table 1 shows the materials used in the present study. A
sample of six specimens for each experimental condition
was established. The negative control group was
represented by Z100 (Z) and the positive one by
Vitremer™(V). Dyract AP (DY), Tetric®Ceram (TC), Ariston
pHc (A) and Definite® (D) were considered the experimental
group. Therefore, 16 specimens of each material were
prepared as thin disks (11 mm diameter; 1.5 mm thickness),
using a Teflon mold. All materials were prepared according
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to the manufacturers’ recommendations at room temperature
(23º ±1ºC) and controlled relative humidity (50±5%),
according to ISO specification #7489. Each material was
inserted into the Teflon molds, previously prepared with a
dental floss piece, introduced in a central hole to suspend
the specimens in the test medium, and pressed between two
polyester strips by a microscopic glass slide on top of the
materials. Vitremer™ and Dyract were inserted into the mold,
using a Centrix syringe. The materials were individually light-
cured for 40 seconds with an Optilux light activator
(Demetron Research Corp., Danbury, CT, USA). The light
intensity was controlled at 500 mV/cm² by measuring with a
curing radiometer. Ten minutes after curing, the specimens
were removed from the Teflon molds and fixed individually
on the caps of polyethylene tubes containing 4.0 mL of the
studied solutions and stirred in an orbital shaker (Nova
Técnica, NT 145), at room temperature (24º±1ºC), for 15 days.
During this period, the specimens were periodically
transferred to new experimental solutions. In deionized water,
every 24 hours and, in the pH-cycling system, the specimens
were immersed for 6 hours in a demineralizing solution
(calcium 2.0 mmol L-1, phosphate 2.0 mmol L-1 and acetate
buffer 75 mmol L-1pH 4.3) and for 18 hours, in a remineralizing
solution (calcium 1.5 mmol L-1, phosphate 0.9 mmol L-1,
potassium chloride 150 mmol L-1 and Tris buffer 20 mmol L-
1 pH 7.0), to simulate a situation of high caries challenge14.
After the prescribed immersion time, the disks were removed
from the solutions, dried with an absorbent paper and then
transferred to new solutions. Each immersion solution was
kept at 4ºC until the measurements were performed.
Fluoride Analyses
The fluoride ion concentration in the solutions was
measured using an Orion fluoride-specific electrode (model
96-09) and a Procyon digital ion–analyzer (model SA-720).
For the analysis of fluoride, the same volumes of the
solutions and TISAB II were mixed. The fluoride electrode
was previously calibrated with a series of standard solutions
(0.025 to 3.2 µgF/mL for deionized water and 0.1 to 6.4 µgF/
mL for the pH-cycling). The mV readings were transformed
into µgF/mm² and the results found in the demineralizing
and remineralizing solutions were added and represented
the fluoride release over 24 hours. For Definite®,
Tetric®Ceram and Z100, the analysis on the first, seventh
and fifteenth days was determined through the HMDS-
facilitated diffusion by the Taves’ method25. Briefly, the
volume of the samples (0.5 mL) was adjusted to 3.0 mL of
deionized water, and 0.1 mL of 1.65 mol/L NaOH was added
to the central trap in the Petri dishes (Falcon, #1007). One ml
of 6 mol/L HCl, saturated with hexamethyldisiloxane, was
added to the samples before the dishes were sealed. The
specimens were maintained under stirring in a circular shaker
equipment, at room temperature (24º±1ºC), for 12 hours.
Fluoride standards (0.025 to 3.2 µgF/mL) were prepared in
triplicate and diffused as aforementioned above. At the end
of the diffusion period, the NaOH traps were removed and
the specimens contained in the traps were dried at 60ºC for
2 hours, and buffered with 0.4 mL of 0.66 mol/L acetic acid,
in the analysis tube (Falcon, # 2017), placed in shaker tubes,
so as to dissolve the NaOH crystals. The fluoride ion
concentration in the solutions was measured using the same
apparatus, as in the direct method.
Statistical Analysis
The data were analyzed statisticall, by the 3-way ANOVA
and Tukey’s test (p<0.05).
RESULTS
There was statistically significant differences among the
different medium, material and time (p<0.05). The means of
fluoride release of the materials, in each medium were
analyzed by the Tukey’s multiple-comparison test in the 1st,
7th and 15th days. Vitremer™ presented the highest fluoride
release on the first day, followed by Ariston. Although all
materials presented the same release pattern, the means
recorded for the materials were different (Table 2). The
fluoride release peak was observed on the first day and on
the second day, a sharp decline was seen, after which a
plateau was shown from days 7 to 15, for all materials (Figure
1 and 2). Ariston exhibited a stable behavior, with small
variations throughout the experiment. DY>D>TC released
Product Type of material Batch # Manufacturers
Z 100 (Z) Microhybrid radiopaque resin to posterior teeth 9 EG 3M Dental
VitremerTM (V) Resin-modified glass ionomer 20000516 3M Dental
Dyract AP (DY) Polyacid-modified composite resin 9908000277 Dentsply
Tetric®Ceram (TC) Composite resin with fluoride release B 37704 Vivadent
Ariston pHc (A) Esthetic restorative material with fluoride release AO 9633 Vivadent
Definite® (D) Composite resin based on organic modified ceramic # Degussa
with fluoride release
TABLE 1- Restorative materials’ type, batch and manufacturers
# Material provided by the manufacturer in capsules without the batch.
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the smallest amounts of fluoride, regardless of the medium,
either deionized water or the pH-cycling solutions (Table 2).
Z100 had no statistically significant difference (p<0.05) in
the amount of fluoride release as compared to D and TC.
DISCUSSION
In the oral environment, the free fluoride ion promotes
the inhibition of demineralization and the enhancement of
remineralization26 of the enamel, from different sources.
These characteristics were initially observed in silicate
cement restorations, following the conventional glass
ionomer cements. However, glass ionomer materials have
some disadvantages, such as short working time, long setting
time, susceptibility to early moisture and salivary
contamination, desiccation after setting, and loss of
brightness. In order to overcome these limitations and to
preserve fluoride release, two types of hybrid materials, i.e.,
glass ionomers and composite resins have been combined
to conciliate the advantages of conventional glass ionomers
and the esthetic properties of the composites into one
material with better mechanical and biological properties.
These materials are the resin-modified glass ionomers and
Medium Material 1st    Day 7th   Day 15th   Day
   Mean     SD    Mean    SD    Mean    SD
H
2
O A 0.3000  (a) 0.1170 0.2306  (a) 0.0584 0.2430  (a) 0.0339
H
2
O V 0.6868  (b) 0.1384 0.0531  (b) 0.0137 0.0371  (b) 0.0057
H
2
O DY 0.0616  (c) 0.0181 0.0097  (c) 0.0044 0.0070  (c) 0.0011
H
2
O D 0.0011  (c) 0.0001 0.0006  (c) 0.0001 0.0003  (c) 0.0002
H
2
O TC 0.0071  (c) 0.0031 0.0005  (c) 0.0002 0.0005  (c) 0.0004
H
2
O Z 0.0010  (c) 0.0003 0.0005  (c) 0.0001 0.0005  (c) 0.0001
CPH A 0.2972  (a) 0.0705 0.1481  (a) 0.0131 0.0805  (a) 0.0139
CPH V 1.3212  (b) 0.3330 0.1364  (a) 0.0291 0.0835  (a) 0.0146
CPH DY 0.2384  (a) 0.0254 0.0732  (b) 0.0056 0.0429  (b) 0.0035
CPH D 0.0045  (c) 0.0007 0.0007  (c) 0.0002 0.0011  (c) 0.0002
CPH TC 0.0276  (c) 0.0216 0.0010  (c) 0.0002 0.0011  (c) 0.0001
CPH Z 0.0043  (c) 0.0258 0.0011  (c) 0.0002 0.0013  (c) 0.0001
TABLE 2- Fluoride release means (µg/mm2) and standard deviation of the restorative materials in H
2
O (n=8) and CpH (n=8)
on the 1st, 7th and 15th days
Materials with equal letters were not statistically significant.
FIGURE 1- Fluoride release means (µg/mm2) of the restorative materials in H
2
O, during 24 hours at the 1st, 7th and 15th days
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the polyacid-modified composite resins, also known as
“compomers”, which have different setting mechanisms. The
setting of the first material takes place through an acid-
based reaction and polymerization and the compomers set
solely by light polymerization with a limited acid-based
reaction occurring later, as the material absorbs water from
the oral environment. Owing to the consensus that fluoride
release in low and constant concentrations is capable of
reducing the level of demineralization and increasing
remineralization of the adjacent dental enamel of
restorations, thus preventing secondary caries10,
manufacturers have incorporated fluoride to esthetic
restorative materials. In the present study, the pH-cycling
regimen was used to reproduce the oral dynamic situation,
first suggested by Featherstone, et al.14 (1986) and modified
by Carvalho and Cury8 (1999), establishing a correlation
with the development of in vivo caries, in high cariogenic
challenges. According to Ten Cate26 (1990), this laboratorial
model better simulates the variations of the pH in the oral
environment.
Our findings suggest that the elution of fluoride occurs
by two different processes, as previously reported by Vieira,
et al.28. The first one is characterized by an initial burst of
fluoride release from the surface. This process is
accompanied by the second diffusion, in which small
amounts of fluoride continue to be released into the
surrounding medium for a long period of time22,28. Studies
with deionized water measured the fluoride release in the
medium without the presence of ionic force of various other
elements present in the salivary fluid21. The pattern of
fluoride release of the evaluated materials in deionized water
and the pH-cycling are consistent with those reported by
Araújo, et al.3(1996); Suljak and Hatibovic-Kofman24(1996);
Friedl, et al.16(1997); Verbeeck, et al.27(1998); Carvalho and
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FIGURE 2- Fluoride release means (µg/mm2) of the restorative materials in CpH during 24 hours at the 1st, 7th and 15th days
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FIGURE 3- Distribution of the total fluoride release in CpH on the 1st, 7th and 15th days
(A= Ariston pHc; V= Vitremer TM; DY=Dyract AP; D=Definite®; TC=Tetric® Ceram; Z=Z-100)
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Cury8(1999). On the first day, the highest fluoride release
was observed for all materials with a sharp decline on the
second day, slowly decreasing from day 5 to day 7, and
keeping a constant level up to day 15, except for Ariston
pHc, as observed by Aboush and Torabzadeh1(1998);
Grobler18(1998); Bertacchin, et al.7(1999); Carvalho and
Cury8(1999).
The highest values of fluoride release were observed in
the pH-cycling (Figure 3), as compared to the deionized
water medium (Table 2). In the individual analysis of each
solution, there was a higher fluoride release in the
demineralizing medium (pH 4.3) as also reported by Carvalho
and Cury8 (1999), Geursten17 (1998) and Attin5 (1999). The
resin-modified glass ionomer (Vitremer™) presented high
fluoride release values in both immersion media, mainly on
the first and second days, slowly decreasing in the following
days, till the end of the experiment. Nevertheless, the
polyacid-modified composite resin (Dyract), released low
but constant amounts of fluoride in levels similar to those
of the resin-modified glass ionomer, as observed by Shaw,
et al.22(1998). It is suggested that the fluoride release of the
polyacid-modified composite resins occurs through the
presence of ytterbium fluoride and glass particles, such as
the alumina-silicate-fluoride13. The results obtained in this
study are consistent with those of Vieira, et al.28(1999), who
tested the materials Vitremer™ and Dyract in de-
remineralizing cycles, simulating the acid challenge for 14
days. The highest release took place in the demineralizing
solution, as compared to the remineralizing one. This release
during the cariogenic challenge prevents a greater mineral
loss of the enamel adjacent to the restorative materials which
contain fluoride. This release occurs through two processes
from dental restorative materials: a faster superficial erosion,
i.e., dissolution of the material, releasing all its component
parts, including fluoride, and a continuous diffusion, which
can be either the release of fluoride in conjunction with an
appropriate counter ion, typically sodium, or fluoride release
via exchange with hydroxyl groups of the surrounding
aqueous environment. According to the manufacturer,
Definite® 9 has 3% of modified apatite in its composition to
promote the release/uptake fluoride and acid buffer. This
property depends on the addition of fluoride from external
sources such as dentifrice or other materials9,19. The results
obtained are in agreement with those in reported the
literature6. The fluoride release was lower in comparison
with the values presented from the Z 100 material in both
media, deionized water and the pH- cycling, on the 1st , 7th
and 15th days. Tetric®Ceram is a hybrid composite resin with
fine filled particles and there are just a few studies on fluoride
release by this material15,29. The monomer matrix is composed
of Bis-GMA, urethane dimethacrylate, and triethylene glycol
dimethacrylate (TEGDMA). The inorganic fillers contain
barium glass, ytterbium trifluoride around 15%, Ba-Al-
fluorosilicate glass, highly dispersed silicon dioxide, and
spheroid mixed oxide1,13. In this study, compared to other
materials, Z100 presented fluoride release, however, no
statistically significant difference was found regarding
Definite® and Tetric®Ceram, which contain inorganic filler
with fluoride and are considered by some researchers as
materials capable of releasing fluoride15 The Z100 material
contains Bis-GMA, TEGDMA, YbF
3
 and inorganic filler of
zircon and silica. This property is associated with the
presence of YbF
3
, a radiopaque filler particle, a catalyzing
substance, and less soluble than aluminum-fluorosilicate,
according to the manufacturer15. The quantitative and
qualitative fluoride release studies mentioned in the literature
are carried out by different methods that hinder any
comparisons. However, a large number of studies are carried
out in vitro and therefore, do not reproduce the oral
environment, even if performed in pH-cycling12. The results
of fluoride release of the esthetic materials provide evidence
on the evolution of these restorative materials11,23,30. The
mechanical properties of new composite resins associated
with the advantages of fluoride, such as the capacity to
reduce the dental plaque by means of enzymatic action, and
to decrease the solubility of the enamel, might contribute
clinically to the maintenance and longevity of restorations,
thus, improving the oral health4. Furthermore, fluoride uptake
by restorative materials would be an additional aspect in
secondary caries prevention24.
CONCLUSIONS
Within the limitations of this in vitro study, it may be
concluded that all materials presented the same pattern of
fluoride release both in deionized water and in the pH-cycling
system. Therefore, the new formulated materials may be a
new category of restorative materials acting as a permanent
fluoride source, taking into account that the pH-cycling
system presented the highest fluoride release. It is important
to highlight, however, that the development of fluoride
restorative materials cannot be regarded as a permanent
means to control dental caries lesions, but a complement
along with other preventive methods.
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